A procedure is described that uses high-pressure liquid chNmatography for assay of gentamicin in serum. The technique involves extraction of gentamicin from serum by using a CM-Sephadex column and analysis by reverse-phase, ion-pair chromatography. Continuous-flow, post-column derivatization with o-phthaladehyde is used to form fluorescent products for detection. The possible scope of this method for analysis of other aminoglycoside antibiotics is illustrated by application to sisomicin and netilmicin.
a healthy volunteer. Water was deionized and glass distilled. All other chemicals were ofreagent grade. o-Phthalaldehyde reagent (OPA). Potassium borate buffer was prepared by the titration of boric acid (24.7 g, 0.4 mol) dissolved in 900 ml of water with concentrated potassium hydroxide solution to pH 10.40, followed by dilution to 1.0 liter. OPA was prepared by dissolving o-phthalaldehyde (60 mg) in 1 ml of methanol, followed by addition of 2-mercaptoethanol (0.2 ml). The solution was gently mixed until complete decolorization occurred. Potassium borate buffer (100 ml) was then added with vigorous stirring. The solution was placed in the supply vessel for OPA, flushed several times with nitrogen, and used within 2 days.
Antibiotic solutions. All antibiotic concentrations were calculated on the basis of activity. Stock solutions containing 1,000 ,ug of antibiotic per ml were prepared in 0.1 M phosphate buffer, pH 8.0, and stored at -20°C. Appropriate dilutions of the stock solutions were made with water. A serum solution containing 10 ug of gentamicin per ml was prepared by addition of an appropriate amount of aqueous standard containing 100 ,ug/ml of serum. Additional dilutions of this solution in serum were made to obtain other concentrations.
Apparatus. The mobile phase used for analyses contained 0.2 M Na2SO,, 0.02 M sodium pentanesulfonate, and 0.1% (vol/vol) acetic acid in a water-methanol (97:3) mixture. Column flow rate was 2 ml/min at 184 atm. OPA flow rate was about 0.5 ml/min. Serum preparation. Gentamicin was separated from interfering compounds in serum by ion-exchange gel chromatography. A short (1.5-cm) column with a bed volume of 1 ml was prepared from CM-Sephadex (C-25), using 0.2 M Na2SO4 as the initial buffer. Serum (400 ,ul) was applied to this column and then eluted in succession with 1 ml and 4 ml of initial buffer. The eluting buffer was changed to 0.01 M NaOH in 0.2 M Na2SO4, and 600 IAI of this buffer was added. After the column had drained completely, a second volume of alkaline buffer (400 ul) was added and the eluate was collected. This fraction was used for chromatographic analysis. Volume injected was 15 ,ul.
RESULTS
Analysis of aqueous standards. The chromatogram of an aqueous sample containing 2.5 ,ug of each of the purified gentamicin components per ml is shown in Fig. 1 . Individual components were used to determine the order and position of elution. The small peaks occurring before and after gentamicin C,, presumably represent minor components of the gentamicin complex (Fred Sancilio, Schering Corp., personal communication). Three irnections of this mixture were made to demonstrate reproducibility (Table 1) . Figures 2 and 3 show chromatograms of sisomicin (10 ug/ml) and netilmicin (10 ,ug/ml), respectively. The apparent impurities evident in the chromatogram of netilmicin were present in repeat analyses of this material and are as yet unidentified.
Analysis of gentamicin in serum. A chromatogram of the gentamicin-containing fraction from a serum sample containing 1.0 Mg of gentamicin per ml is shown in Fig. 4 . For comparison, the chromatogram obtained from gen-ANTIMICROB. AGENTS CHEMOTHER.
tamicin-free serum at the same sensitivity is, shown in Fig. 5 . There are no peaks in this chromatogram that would interfere with the gentamicin components, sisomicin, or netilmicin. The detector sensitivity used for these determinations was approximately four times that used to obtain the chromatogram in Fig. 1 peak heights from a serum sample containing 10 ,ug of gentamicin per ml with the results obtained from an aqueous standard of the same concentration. These results (Table 2) indicate that recovery is greater than 95% and that no significant change in relative peak height occurs as a result of the extraction procedure.
Serum samples containing 1.0, 2.0, 3.0, 5.0, and 10.0 ug of gentamicin per ml were prepared and analyzed in order to determine the standard curve shown in Fig. 6 . For each concentration, duplicate injections were made, and the sums ofthe component peak heights were averaged. A linear least-squares regression analysis gave a coefficient of correlation (r) of 0.997. DISCUSSION Thin-layer chromatography (10) and ion-exchange chromatography (8) have been used to separate the gentamicin components; however, reverse-phase chromatography using a C18 phase-bonded microparticulate silica gel column was chosen for this study. This type of column usually provides rapid separations that are related to the nonpolar differences between similar polar molecules. In addition, retention of charged compounds can be affected by ionpair formation with a suitable reagent in the mobile phase (9) . The separations demonstrated in this study, therefore, are probably due to ion-pair formation between protonated aminoglycoside molecules and pentanesulfonate anions, with differences in the interaction of nonpolar groups with the reverse-phase column accounting for the observed order of elution.
The mobile-phase composition, particularly with regard to incorporation of 0.2 M Na2SO4, was critical. In the early phases of this study, chromatography was attempted with various sodium sulfonate ion-pair reagents, but without Na2SO4 added. These experiments resulted in skewed peaks, poor resolution of the gentamicin components, and mobile phases with high methanol concentrations. Increased concentration of ion-pair reagent in reverse-phase chromatography should result in increased retention time (9); however, a paradoxical decrease in retention time occurred. Since a polyvalent cation, such as gentamicin, would exist largely as undissociated ion pairs in a lowionic-strength mobile phase (4) , this effect was probably related to increased dissociation of gentamicin ion pairs as a result of increased ionic strength. With 0.2 M Na2SO4 in the mobile phase, the expected increase in retention time with increased ion-pair reagent concentration was observed.
The extraction experiments with serum (Table 2) indicate that almost quantitative recovery of gentamicin is possible by using a CMSephadex column. Since no dilution of specimen occurs in this procedure, a 2.5-fold concentration can be accomplished if 1.0 ml, instead of 400 ul, of serum is extracted (unpublished data).
A standard curve (Fig. 6) shows linear response over at least a 10-fold range in concentration. The procedure used for this study, however, did not incorporate an internal standard. Therefore, results might have been affected by such variables as evaporation, nonspecific adsorption ofdrug to glass surfaces, and variation in the volume of eluate collected.
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